Silica sol nano-abrasives with large particle are prepared and characterized by TEM, PCS and Zeta potential in this paper. Results show that the silica sol nano-abrasives about 100nm are of higher stability (Zeta potential: -65mV) and narrow distribution of particle size. And then alkali CMP slurries for tungsten containing self-made silica sol nanoabrasives are prepared and applied. CMP results show that the removal rate has been improved to 367nm/min and the RMS of surface roughness has been reduced from 4.4nm to 0.80nm. In sum, one kind of alkali slurry containing 100nm silica sol for tungsten CMP is studied.
INTRODUCTION
In order to ensure the pattern formation with higher resolution, higher planar surface of wafer is necessary, especially for multilevel interconnection manufacturing process in ULSI. Among the planarization technologies, chemicalmechanical polishing (CMP) is the unique global planarization technology, which makes CMP be research emphasis among the IC key process technology, especially for 0.25micron and less IC process [1~3] . In which tungsten as plug or via is widely used for IC devices manufacturing. As we know, tungsten is usually polished by acidic slurry with harder alumina abrasive and the oxidant containing metal ion [4, 5] . However, the slurry not only causes the corrosion of CMP instrument made of metal, but also results in the scratch and contamination of many metal ions. So alkali slurry with colloidal silica and the non-ion oxidant (H 2 O 2 ) becomes interesting for industry and academy. Nevertheless commercial colloidal silica abrasives are of smaller particle size, for example 50~70nm, even 20~30nm, which results in less removal rate because they can not provide enough mechanical abrasion. In order to resolve the above questions, alkali slurry containing colloidal silica with large particle size for tungsten CMP is studied in this paper.
EXPERIMENTS
Based on the methods of particle growing by ion-exchange and hydrothermal synthesis, silica sol nano-abrasive with large particle was prepared. First the active silicic acid is synthesized by water glass through ion exchange. And the silica sols nanoabrasive with large particle are prepared in turn through the process of preparing seed, growing particle and maturing and so on. The colloidal nano-abrasives are characterized by TEM, Laser Particles Size Analyzer and Zeta potential Analyzer.
The samples used for CMP were silicon wafers with a 0.3µm tungsten (W) layer deposited by sputtering. H 2 O 2 was chosen as oxidizer for polishing. The pH was adjusted to 9~10 using organic hydramine. The polishing slurries contained 10 wt% colloidal silica(about 100 nm). All the CMP tests were performed with a CP-4 CMP polisher. Four-point sheet resistivity measurements were used to measure the thickness of the tungsten film. Atomic force microscopy (AFM) was used to characterize the surface morphology of the sample.
RESULTS AND DISCUSSION
The particle size of silica sols with large particle is shown in Fig.1 . Results of TEM show that the particle of silica sols is spherical and the average particle size by number is about 100nm. The distribution of particle size for abrasives is one of the important performance indexes. In this paper, the distribution of particle size for silica sols abrasives is seen in Fig.2 . The average particle size of abrasive by number is about 100nm, which is accordant with results of TEM. And the narrow distribution peak shows that the silica sols abrasives self-made are of higher uniformity for particle size.
The unstable Zeta potential region of colloid abrasives is commonly considered to be from -30mV to 30mV. The Zeta potential of silica sols abrasives self-made are shown as Fig.3 
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and the average Zeta potential of silica sols is about -65mV, which illustrates that the silica sols abrasive is of higher stability.
The CMP results show that removal rate has been improved to 367nm/min, which has met the industry requirement (more than 300nm/min). The AFM of surface pre-CMP and post-CMP are shown in fig.4 and fig. 5 . The RMS of roughness for tungsten surface has been reduced from 4.4nm to 0.80nm, and it is less than 1.57nm reported in reference [6] adapting stable acidic slurry containing alumina abrasives. So the alkali slurry containing 100nm silica sol abrasives is not only of high removal rate for tungsten CMP, but also provides the smooth surface.
CONCLUSIONS
The silica sol nano-abrasives about 100nm self-made are of higher stability (Zeta potential: -65mV) and narrow distribution of particle size. And CMP results show that the removal rate has been improved to 367nm/min and the RMS of surface roughness has been reduced from 4.4nm to 0.80nm. In sum, one kind of alkali slurry containing 100nm silica sol for tungsten CMP is studied, which has effectively resolved the lower removal rate and acidic corrosion questions. 
